Supplementary Methods

Microscale thermophoresis
Thermophoresis refers to the directed movement of molecules along a temperature gradient. 1 In MST experiments, an IR laser beam is used to heat a small volume within a sample, inducing a local change in the molecular concentration. If the substrate of interest is fluorescently-labelled, this change can be measured by monitoring the ratio of the fluorescence intensity before and after local heating of the sample: F hot /F cold = F norm.
Thermophoresis is influenced by the size, charge or solvation entropy of the substrate. Ligand binding can therefore be measured by monitoring F norm as a function of ligand concentration.
In our case, DNA-TFAM binding was studied by titrating Cy5-labelled DNA (20 nM) with varying concentrations of TFAM WT , TFAM SSDD and TFAM K4Q4 , respectively, while keeping the buffer composition constant. To this end, 16 serial dilutions were prepared, starting at 5
μM for TFAM WT and TFAM K4Q4 and at 6 μM for TFAM SSDD . The Cy5-labelled DNA substrate consisted of a non-specific sequence, with the following design:
5'-GTCACTGTTCGAGCACCA-3'
3'-CAGTGACAAGCTCGTGGTTACGATAGATACC-5'
Within titration experiments, F norm changes according to:
where F(DNA) norm is the contribution to the fluorescence signal from unbound DNA molecules and F(DNA-TFAM) norm is the contribution to the fluorescence signal from DNA-TFAM complexes. x is the fraction of DNA-TFAM complexes in the sample, defined as ) where 
Inserting the WLC model into the above equation yields the following expression: Figure 3B presents the values of the measured L p as a function of TFAM concentration. Note that, owing to the protein having a tendency to 'stick' to the tubing and glass of the microfluidic flow cell, it was difficult to achieve a well-defined TFAM concentration during these experiments. To reflect this uncertainty, we chose to group the measured L p values in concentration bins; thus, the errors for concentration in Figure 3B reflect 
where
The solid lines in Figure 3B reflect a least squares fitting of the binned data using Eqn. S6; here the parameters K a and ω were freely fit, assuming n = 30 (the latter was determined by single-molecule studies previously). 3 4
Exponential fitting of fluorescence intensity decay curves
We note that the unbinding of TFAM from dsDNA is often slightly better modelled as a bi-exponential, rather than a mono-exponential, decay ( Figure 4B ). Nevertheless, we choose to quantify the decay curves using the latter for the following two reasons. First, fits with a bi-exponential function are highly sensitive to variations in the experimental data arising from both (i) the intrinsic experimental noise and (ii) differences in the fraction of the 'faster' component measured, due to the error in establishing 'time-zero' (since the DNA molecule must be moved to a protein-free buffer solution prior to recording the fluorescence decay traces and the excitation source is also strobed). Both of these factors give rise to large variations in the fit parameters that are not due to differences in protein unbinding behaviour. 3 previously also used a monoexponential function to quantify the unbinding of wild-type TFAM.
The fact that the unbinding of TFAM deviates slightly from a mono-exponential decay is, nevertheless, an interesting observation. To examine this, we compared the decay traces for TFAM WT as a function of incubation time (and thus initial protein coverage, see
Supplementary Figure S5 ). For DNA molecules with >> 50% initial coverage, the decay in fluorescence intensity shows a small, yet noticeable, deviation from mono-exponential behaviour. In these cases, the decay curves are slightly better described by a bi-exponential function, with exponents of at least 200 seconds and at least 500 seconds, respectively (under the buffer conditions employed here). For lower initial coverages (e.g. << 50%), there is qualitatively little difference between mono-exponential and bi-exponential fits to the data ( Figure S5B ). Together, these results support the hypothesis that TFAM can dissociate as monomers, dimers or multimers, with the rate for each process differing. It is important to stress that the data in Supplementary Figure S5 were measured under identical imaging conditions, and where the excitation source was not strobed. Consequently, the fits to these data were significantly less influenced by the variations in fit parameters that are limiting when measuring the actual off-rate using a bi-exponential function (see above, and Methods).
Thus, while bi-exponential fitting is informative in the specific study shown in
5
Supplementary Figure S5 , it is still more robust to use a mono-exponential function when comparing, and quantifying, the overall off-rates of the different TFAM species.
Determination of TFAM-DNA disassembly rates
For alexa-555-labelled TFAM on DNA in protein-free buffer, the observed decay in fluorescence intensity is due to a combination of protein dissociation from the DNA and photo-bleaching of the dye. Since these are independent processes, the observed decay rate
(1/τ o ) is a linear combination of k off (1/τ 1 ) and the photo-bleaching rate (1/τ B ):
where τ o is the observed decay time, τ 1 is the true interaction time for the protein on DNA and τ B is the average photo-bleaching time. It has been shown previously that, under our experimental conditions, τ B = N B τ F , where N B is the number of frames before photobleaching occurs and τ F is the frame integration time. 6 Correspondingly, it can be stated:
A plot of 1/τ o versus 1/τ F will thus yield a linear slope, the y-intercept of which corresponds to k off (1/τ 1 ). 6 In order to generate such a plot, we measured τ o for several frame integration times (1 s, 2 s and 5 s; N=2-3 decay traces for each integration time), from which 1/τ 1 was extracted. For each TFAM variant, we then performed this analysis ~4 times, averaging the obtained k off (from which a standard error of the mean was derived). See
Supplementary Figure S6 .
Determination of TFAM diffusion coefficient
The intensity of an alexa-555-labelled TFAM monomer was derived by fitting a histogram of intensities for ~15 alexa-555-TFAM complexes to a Gaussian distribution Measurements were performed at room temperature using an 18 bp oligomer with a 13 nucleotide single-stranded overhang. Note that these data are similar to those obtained in a buffer containing a higher ionic strength (c.f. Figure 2 and Table S1 ). All errors are s.e.m. Figure 4) ; thus, the measured decay rates here do not reflect the actual off-rate of the protein. However, since the timescale for bleaching was low in these experiments, the rates presented here are close to those of the off-rate. All data were obtained at room temperature and in a buffer of 10 mM Tris-HCl pH 7.6 with 25 mM NaCl. All errors are s.e.m.
Supplementary Figure S6 . Determination of the dissociation rates of TFAM from non-specific dsDNA using Eqn. S8. Plot of the inverse of the observed decay times (τ 0 ), extracted from monoexponential fits to the fluorescence intensity decay curves (e.g. Figure 4B ), versus the inverse of the frame integration time (τ F ). The off-rate (=1/τ 1 ) can be determined from the y-axis intercept of a linear fit to the measured data. The off-rates reported in Figure 4C and Figure 3B with n fixed as 30 bp and 22 bp, respectively. Errors are s.e.m.
